Abstract: Acrylpimaric acid ethylene glycol acrylate was used as the cross-linking agent to prepare rosin-based polymer microspheres through membrane emulsification-microsuspension polymerization. The prepared microspheres were used as the stationary phase in highperformance liquid chromatography for the separation of polycyclic aromatic hydrocarbons (PAHs) and two analogues of alkaloids. Five PAHs (benzene, naphthalene, fluorene, pyrene, and benzo(e)pyrene) were well separated in the rosin-based polymer column with the resolution (Rs) of 6.088 ± 0.006, 5.759 ± 0.017, 7.019 ± 0.020, and 8.584 ± 0.063. A linear relationship was observed for the carbon numbers of PAHs and lnK as obtained with the equation of ln k = 0.22n c -2.45, R 2 = 0.996 . The rosinbased polymer columns were also employed to separate theophylline-caffeine and camptothecin-10-hydroxycamptothecin, and the good results were obtained with the Rs of 4.617 ± 0.005 and 2.245 ± 0.049, respectively.
Introduction
Let F denote a eld and let V denote a vector space over F with nite positive dim pair A, A * of diagonalizable F-linear maps on V, each of which acts on an eigenbasi irreducible tridiagonal fashion. Such a pair is called a Leonard pair (see [13, De nitio A, A * is said to be self-dual whenever there exists an automorphism of the endomor swaps A and A * . In this case such an automorphism is unique, and called the dualit
The literature contains many examples of self-dual Leonard pairs. For instance (i) ated with an irreducible module for the Terwilliger algebra of the hypercube (see [4, C Leonard pair of Krawtchouk type (see [10, De nition 6.1]); (iii) the Leonard pair assoc module for the Terwilliger algebra of a distance-regular graph that has a spin model i bra (see [1, Theorem] , [3, Theorems 4.1, 5.5]); (iv) an appropriately normalized totall (see [11, Lemma 14.8] ); (v) the Leonard pair consisting of any two of a modular Leona De nition 1.4]); (vi) the Leonard pair consisting of a pair of opposite generators for bra, acting on an evaluation module (see [5, Proposition 9.2 
]). The example (i) is a sp examples (iii), (iv) are special cases of (v).
Let A, A * denote a Leonard pair on V. We can determine whether A, A * is self-du 
Introduction
Polymer microspheres are polymeric materials or polymer composites with sizes ranging from nanometer to micrometer scale and spherical geometrical shapes (1-3). Polymer microspheres have wide applications in stationary phases, biological medicine and many other fields (4-7). Organic polymer stationary phases mainly include polysaccharide polymers, polystyrenes/ divinylbenzene polymers and polymethacrylate polymers (8) (9) (10) . Due to the poor mechanical stability, when polysaccharide polymers and polymethacrylate polymers are used in high performance liquid phase, the particles are easy to collapse under high pressure (11) . Polystyrenes/ divinylbenzene polymers can bear the high pressure and have a good adaptability for chromatographic purposes but may release residuals, which are harmful to health, when they are used for the separation and analysis of drugs (12, 13) . As the ternary ring structure of rosin can be introduced into high molecular structure, rosin can enhance the mechanical strength of polymer and is an important resource to synthesize high-molecular stationary phase instead of divinylbenzene or styrene. In addition, rosin is biodegradable, non-toxic, and thus can be used as a raw material to separate and purify the effective ingredients of Chinese herbs (14) . Polycyclic aromatic hydrocarbons (PAHs) are carcinogenic pollutants that can be absorbed by crops via polluted water, air, or, soil (15) . PAHs could be generated during the general extraction process of natural medicinal active components in a high temperature (15) . Hence, detecting PAHs and removing them from natural medicines are important. Theophylline (THO)-caffeine (CAF) and camptothecin (CPT)-10-hydroxycamptothecin (HCPT) belong to the two sets of alkaloids with similar structures and are widely applied in clinical drugs (16, 17) . Slight modification of the molecule configuration could lead to different pharmacology activities and applications. THO is used extensively to treat asthma, and CAF is often added to pain medications. Compared with CPT, HCPT holds up better in anticancer activity and has lower toxicity. Detecting and separating these two sets of alkaloids is of importance.
In our previous work (13), paclitaxel imprinted polymer microspheres (using ethylene glycol maleic rosinate acrylate (EGMRA) as cross-linking agent) were prepared by microsuspension polymerization. However, the particle size distribution of the microspheres prepared by microsuspension polymerization was relatively wide (1-50 μm). As maleopimaric anhydride requires ring opening at high pressure to produce maleopimaric acid to introduce double bonds, the synthesis cost of EGMRA was higher compared with acrylpimaric acid ethylene glycol acrylate (AAEGA). In addition, the preparation process of molecularly imprinted polymer microspheres was rather complex, in which template molecules should be added and then removed after the formation of the microspheres. Template molecules are often expensive and difficult to be recycled, resulting in the high production cost of the polymers. Thus, it is very necessary and meaningful to develop the application field of non-imprinted polymer microspheres.
In this study, rosin-based polymer microspheres were prepared and used as the stationary phase in highperformance liquid chromatography (HPLC) to separate PAHs and alkaloids. The main objectives of this work are as follows: (1) preparation of polymer microspheres using acrylpimaric acid ethylene glycol acrylate (AAEGA) as the cross-linking agent through membrane emulsificationmicrosuspension polymerization; (2) preparation of the rosin-based polymer columns using the microspheres to separate PAHs, THO-CAF, and CPT-HCPT. Figure 1 illustrates the principles and schematic of the preparation of rosin-based polymer microspheres. Methyl methacrylate (MMA), ethyleneglycol dimethacrylate (EGDMA) cross-linked with AAEGA effectively to form a macromolecule with network structure, and the threering phenanthrene skeleton structure with high rigidity in rosin was introduced into the polymer chain through free radical polymerization by using azodiisobutyronitrile (AIBN) as initiator. The AAEGA was provided by the Guangxi Key Laboratory of Forest Products Chemistry and Engineering (Nanning, China). and AIBN were mixed together and ultrasonicated for 10 min as the oil phase (dispersion phase). The amounts of cetanol, polypropylene glycol, and AIBN were 5%, 2%, and 0.3% of the total mass of MAA, EGDMA, and AAEGA, respectively. (ii) Second, 40 g of the dispersion phase was added into the aqueous phase (400 mL) containing 2% (w/w) polyvinyl alcohol (PVA) in deionized (DI) water. (iii) Crude oil-in-water emulsions were poured into the membrane emulsification setup (FM0210/500M, Senhui company, Beijing, China). The emulsions were homogenized by squeezing them through a membrane (SPG) with an average pore size of 8 μm under the pressure of 1.0 bar and collected using a beaker. (iv) The emulsions (droplets) were heated to 75°C and maintained for 2 h, raised to 80°C for 2 h, and aged at 95°C for 2 h. The copolymers were then treated through sedimentation and centrifugation. (v) Finally, porogens, unreacted monomers and assistant agents were removed through Soxhlet extraction with acetone, ethyl acetate, and ethyl alcohol, respectively. The final products (microspheres) were obtained after washing with DI water for removing PVA.
Materials and methods

Experimental principles
Preparation of rosin-based polymer microspheres
Characterization
Scanning electron microscopy (SEM; SUPPRA 55 Sapphire, Carl Zeiss, Germany) was conducted to investigate the sample's morphology. Particle sizes and distributions of microspheres were measured by laser granulometry (Mastersizer 3000, Malvern, UK). Specific surface area and porosity were examined through N 2 adsorption experiments by using a surface area and pore size analyzer (ASAP 2020, Micromeritics, Atlanta, USA) at 77 K. Surface areas were calculated by the Brunauer-Emmett-Teller (BET) equations. Pore volume, average pore size, and pore size distribution were calculated using the Barrett-Joyner-Halenda equations. The thermal stabilities of the microspheres were characterized by thermogravimetric analysis (TGA; STA449F3, Netzsch-Gerätebau GmbH, Germany). The samples (2-4 mg) were placed in a standard crucible (Al 2 O 3 ) and heated under nitrogen from 30°C to 800°C at a rate of 10°C min −1 to obtain thermogravimetric and differential thermogravimetric curves.
Chromatographic evaluation of polymers
The copolymers were packed into a stainless-steel chromatographic column (250 mm × 4.6 mm i.d.) with the wet method of packing column by using a slurry packer Chromatographic experiments were performed on an HPLC (LC-6AD, Shimadzu, Japan) system with a UV detector (Shimadzu, Japan). Unless otherwise stated, separations were conducted at 30°C using methanol as mobile phase at a flow rate of 0.3 mL/min. In brief, 20 μL of each sample was injected, and the wavelength of the UV detector was set at 254 nm. R S, the resolution, is expressed as follows: 
Results and discussion
Characterization of rosin-based polymer microspheres
In Figure 2a , microspheres with a narrow pore distribution exhibit unimodal particle size distribution profiles ranging from 1 μm to 10 μm, which meets the requirement for particle sizes of the liquid chromatographic stationary phase. The thermal weight loss of the polymer microspheres was characterized by TGA, and the results are presented in Figure 2b . The decomposition temperature for polymer microspheres was about 280°C. The temperature at the highest decomposition rates was about 422°C, and decomposition was completed at about 480°C. Thus, TGA demonstrated that the microspheres possessed good thermal stability. Figure 2c shows that the microspheres displayed typical-IV isotherms with well-defined H 1 hysteresis loops, implying a uniform mesoporous structure (Figure 2d ) containing cylindrical Figure 3a shows that five PAHs were well separated in the rosin-based polymer column with the resolution (Rs) (the two components which elute closest to each other) of 6.088 ± 0.006, 5.759 ± 0.017, 7.019 ± 0.020, and 8.584 ± 0.063. between the carbon numbers of PAHs and the ln k, which followed the equation of the carbon number rule:
Chromatographic characterization of polymers
Where k is the retention factor, and n c is the homologue carbon atom number (18) . This linear fitting equation is as follows:
Basing on the equation and Figure 3a , we can discover information as follows: (1) According to the equation, we can infer the retention value of other PHAs. (2) All of the five PAHs can enter into the hole interior of polymers; otherwise, the relationship shows an fold line (19) . (3) When the sample enters the hole interior, the mass transfer resistance of the molecules changes according to molecular weights. The diffusion rate quickens when the molecular weight decreases (20) . (4) The rosin-based polymer microspheres can be used in the separation of organic compounds with similar structure but different molecular sizes.
As shown in Figure 3c , THO and CAF obtained a good separation (Rs = 4.6 ± 0.005). The structure of the CAF has one more methyl group than THO (Figure 4) , which increases the mass transfer resistance, leading to the prolonged retention time. Moreover, the N-H bonds of the THO can form hydrogen with the methanol, which also helps the separation.
As shown in Figure 3d , the Rs of CPT and HCPT is 2.245 ± 0.049. CPT and HCPT belong to polycyclic alkaloid; hence, their retention times were longer than those of THO and CAF. The molecular structure of HCPT is different than that of CPT due to a hydroxyl (Figure 4) , and the extra hydroxyl increased the polarity of HCPT. When using methyl alcohol as the mobile phase, the influence of the polarity of the sample molecules plays a major role in the chromatographic separation. As a result, the retention time of HCPT was shorter than that of CPT.
Conclusion
In this study, AAEGA was used as the cross-linking agent to prepare rosin-based polymer microspheres through membrane emulsification-microsuspension polymerization. Rosin-based polymer columns were prepared by the slurry method. Finally, the rosin-based polymer columns were applied to separate PAHs, THO-CAF and CPT-HCPT.
(1) Five PAHs were well separated in the rosin-based polymer column with the Rs of 6.088 ± 0.006, 5.759 ± 0.017, 7.019 ± 0.020, and 8.584 ± 0.063. (2) The rosin-based polymer column could thoroughly separate THO-CAF and CPT-HCPT with Rs of 4.617 ± 0.005 and 2.245 ± 0.049, respectively. (3) The non-toxic and environmentally friendly rosinbased polymer microspheres show potential to be used as packing material of preparative column which can be applied in the separation and purification of natural medications.
